Effects of sphingomyelin on melittin pore formation.
The effect of sphingomyelin (SM), one of the main lipids in the external monolayer of erythrocyte plasma membrane, on the ability of the hemolytic peptide melittin to permeabilize liposomes was investigated. The peptide induced contents efflux in large unilamellar vesicles (LUV) composed of 1-palmitoyl-2-oleoylphosphatidylcholine (POPC)/SM (1:1 mole ratio), at lower (>1:10,000) peptide-to-lipid mole ratios than in pure POPC (>1:1000) or POPC/1-palmitoyl-2-oleoylphosphatidylglycerol (POPG) (1:1 mole ratio) (>1:300) vesicles. Analysis of the leakage data according to a kinetic model of pore formation showed a good fit for hexameric-octameric pores in SM-containing vesicles, whereas mediocre fits and lower surface aggregation constants were obtained in POPC and POPC/POPG vesicles. Disturbance of lateral separation into solid (s(o)) and liquid-disordered (l(d)) phases in POPC/SM mixtures increased the peptide-dose requirements for leakage. Inclusion of cholesterol (Chol) in POPC/SM mixtures under conditions inducing lateral separation of lipids into liquid-ordered (l(o)) and l(d) phases did not alter the number of melittin peptides required to permeabilize a single vesicle, but increased surface aggregation reversibility. Partitioning into liposomes or insertion into lipid monolayers was not affected by the presence of SM, suggesting that: (i) melittin accumulated at comparable doses in membranes with different SM content, and (ii) differences in leakage were due to promotion of melittin transmembrane pores under coexistence of s(o)-l(d) and l(o)-l(d) phases. Our results support the notion that SM may regulate the stability of size-defined melittin pores in natural membranes.